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[Hl^^ 2 ] 

IW^^ 3 ] 
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i: ^n^Wi t-t^ maum I BiiS(.<ommmmmmo 

[tt^^ 8 1 
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1/ 



10 0 0 1] 
10 0 0 21 

jg)S!5EP 7J«^f t) ^^ * ii'fS X A -C »4 . ll# ^ >5r ^-(b-t- * 1:: 36-::^ T ft it «r 

32fllS:^^75*®^R$tL*o 'fSiSIS&J|$14lc^^v*'CB)faoM»)S^ («?flx.{f^ PER : Packet E 
rrorRate=l%) ^rrSTti" i i:7i*t?% -5>ft t ?5i$'5:|eP:^^Sra«^t * c: t?, l^Mtk 

^ o 

10 0 0 31 

-JKfltH^-R&ffl^nxv^^&Oti, 7'-:^^'fgffi^•C^II^$^^7^:¥J4^SNR (Signal to Noise 
Ratio) t?*;5.o t/w> ^|ll3:^^<^3I^OfflS*ieSi62»/cJC)l::> S N R § p> ICS® 

o OFDM (Orthogonal Frequency Division Multiplexing) '>X-r 

E^^:fcmi :tJ£5fe^2) o 

[0 0 0 41 

10 0 0 51 

Ib^^il-fi -> X X A v> r {4 > ^|^<7) -r -<:t 7i*-9- y ^ U T #<^f5^K!|#14 31% 
fzt>\z^ :SI&o-9-r4r^UT*v*<o;6><oyn y ^i::^lt (•^^':?'^^ V TO^n y ^'ffc) 

I#llP:fciJc 11 #P?^ 2001-103032 -^^ii 

^:^^0{E^#1±ft?*fJ . ^i^^^ TECHNICAL REPORT OF lEICE. RCS94-64 (1994-0 
9). pp. 31-36 
ll&§go§i^l 

[0 0 0 61 
[0 0 0 71 
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^-i^ : 2/ 



[0 0 0 8] 

5£i- 2: s El 8 C^-f J: tc^r *o i-«:*>-^^ 1 y ^rrt<o 4 oo•^^•/# 
OUTWIT?, '^-;^aO<l:^USNRm*2 i:3 fc-ClEftft-t^^'^s B)¥«^?-r^-v U TW 
■eoSNR(7)^]tt4r^-riEm'fbSNRIftlHiO. 3 l-Jfe^o C:tLlc*+L> ^'-:^hs cO 
1 7'n';'^rt0 4oo-9-7'^^'JT|BJ-C<7?SNR'(i<^ge81)Ji'>'-;^a X^iz^^^iZ 
iiHt^ii^tyh-r, jE^^kSNRg^Mti-J^-^^b i:|Wli:0. 3 H^oTL* CLOiotC, 

lEm^kSNRmM) ti, SNRO^ilJ75*/h$v^>^~;^ a SNR0^1tt75*:*:iv%>^-;^ b 
[0 0 0 9] 

;5<^T t? ;& mm V ;^ r A i3 v> -c jitSgESS ^r^r^J^-^ti. #:/n->^^ <Dm(ii$L(DmM&^ 
[0 0 1 0] 

[BUStlS^i-* ^iixo^gt] 
[0 0 1 1] 

[0 0 12] 

[|&§g<^^*] 
[0 0 131 

^^Jfe-r ^ /c * <0ffc&O5^S] 
[0 0 14] 

[0 0 15] 

[0 0 16] 

(MM<omm 1 ) 
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^-y : 3/ 



[0 0 171 
[0 0 18] 

El 1 izm-TM^i^^M. 10 on. ^mu ioi-i~ioi-l> Mittm&y - u 

!fe (I EFT) 0 2. if- V^>'S'-^^)V (GI) 1 0 3x ^MRFSISI 0 4 

X m^in^mT>Ti- 10 5. $<iR F€i5 1 0 6 s ^m^^mLWU 107. mmm 1 0 

0 F D M -> X Alc J3 It * $ ^T-* <^"^ *> * o 
[0 0 19] 

ttz. miKmirmm^mmm:2oo\t. ^^m^mT>7^i-2o i. ^inRFU2o 

2^ if- Yy(y^-,^)\, (G I) K?*fi|S2 0 3, Ifti* 7 - V ^35^ (FFT) «B2 0 4, 
^3IK!}#14«l5eSB2 0 5> mt^2 0 6, «1W«52 0 7- 1-2 0 7-L, /n'^ 
UT;Vi85m (P/S) U2 0 8, ia^til^lJlWSB 2 0 9 J: a^iH^S R F 615 2 1 0 ti)-h^ 

kzm^'^Mo ^<Dmwstm^m.2 0 o\t. -e^xtfOFDM-^x-r-^iwiittsi-Ki- 

[0 0 2 0] 

3SW1«15 1 0 1 - 1 ~ 1 0 1 - Lt4> #J^i^*IBM 1 0 9 Kim^Mz^-'f 1 ~KtC 

lC#^^«:^^S!S:iJ^ (6 4 QAM, 1 6 QAM, QP SK, B P S K) "C^W^^T-^o 
t it. V ^r^0^gl|jJ^J4*ftilil$^iie 2 0 0 "Cm^^ ttTtyo y 

icrGi:-c§ij^si5i 0 8-es«^$tt^o ci^-x?, i oFDM^-tici'^ttL^-'^T'^-vu 70 
T«-^i-sj±, :/ny ^'^i'-r'<-ciiitfgw:&^-ciESii$tt;5>o m^\i. \ o i 

-g-f-tl^tU-ce 4QAM-C^ll4r=ifv^, tfc, <5i^K#1±7&sMv> tv^ t ^ ti^ n 

1 tCJSi-^1-'<TO-9-7'^^';T'(i-^lw*tLTBP SK-C^P^^TOo **5, fK^IK 

#tt**0^'^t::^v>fc^i5e$tL* t^\t< mm.^^^m. i o o i4, y i irs-r^i-'< 

1 FFTSRl 0 2 limtl^tt^o 

10 0 2 1] 

I FFTiaJl 0 2 t4, ^PSB 101-1~10 \ -'Lii^hXti-^M^^^^-^^zM'L 
■C3^1i!l3^"7-V J^^«l'^:^St■COFDM^g■^ (I^HatJ^M-^) =S:f^^t, GIJfASBlO 
. 3 \,z^ti-tho 
[0 0 2 2] 

G ItfASBl 0 3{4, I FFTISI 0 2 7&^e>X*$tL^cO FDM>^-f-lw. mmzfi-tZ> 
m'&.^^^'t^fzib(OiT'- KW" >'^'->'^^i'*#AUT^'ftRF«Pl 0 4 K^tiir^o 
[0 0 2 31 

Tt-BRFfBl 0 4 {4, G IJfAflSl 0 3 7i>-^X:tl $ ttfcO F DM'H^^r R F^l'T y 
3>'^N'- h L■C^M*fflT>•r:^ 1 0 5 ;i»»'c>:x— if l -KOM^^M^S 2 0 0^^^ 

[0 0 2 4] 

MRFSISl 0 6 14, i-^f l~K<^li^M^S2 0 0 "b^ffi^^^/cffi-^^r^M 
1 0 5i)-h'^m\^. RF^5i>>'b^'f va^/^- h LT, -jSSIl^ii^ttlJltfSB 1 
0 7 iCffi^J-r^o 
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'^-y: 4/ 



[0 0 2 51 

f5j^K#1415l=»a5 1 0 7 J4. S«RF»1 0 6 **'bX:b$ft*S«fl|-§-**€>«-J--^f 1 
[0 0 2 6] 

mMU 1 0 8 ^4^ -fsiSfel^Jl^ttlJllfSB 1 0 7 ^tLS-Zn ^ ftOlS2SK!|*14««l 

■t^mii^\nWi'k^mu i o i - i ~ i o i - l iim:ti-r*o kc^s, mmu i o s ti. ^ 

A-Hf 1 -Klcaajfe^tt/cQ o S (Quality of Service : tfOxtf, 
10 0 2 7] 

«iJSife*SB1t€B 1 0 9t4. mmUl 0 8**e>A:^J$tL*A— If 1 ~Klc*ti-*7'n^;'i5^ 
[0 0 2 8] 

mm.) OFDM'li-f-lC^i6Tife«aS^i^«2 0 0'^SI'ft$tL;5>o 
[0 0 2 9] 

<^i:v^-c. Iiifc«l$ii^a2 0 OiO«^i3ov>T:Ui^-r^o =Q:i5. J':J.T<^Si^'et4s 

[0 0 3 0] 

$'(tRFS52 0 2t4. m^mi>iMryTi-2 0 1 7&>feOFDM{i-t*S:«UTG I i§?* 
iS52 0 3 t«!l^til«im#«l5 2 0 9 Kmti'rz>o 
[0 0 3 1] 

GII5fe*SiS2 0 3 {4. ^MRFSI5 2 0 2 $n^cO F DM#-^*^^> K-f 

->'^*;^tl^*L•CFFTSl5 2 0 4 icm:til-;5)o 

[0 0 3 2] 

FFTa52 0 4 14. Gm*^2 0 3 $ tt/c > -^<^»-^*m<7)0 F 

DM-g-^^lti^^-U^^m (FFT) bTB#raWO^i-t75-'b®rfe^^^<^#-^t^^^ 
i--&o iOFFTtcJ:l9m^O-9-y^^UTtcJ:>){K^$tL/i^-^:*«^i5tti$^x-C, ^-fk 

«2 0 6 i:<S^K#14«5^«l5 2 0 5 t;:ttitJ ^t^^o 
[0 0 3 3] 

Ummm^mMW^ 2 O 5 14, F F TSP 2 0 4 :d^ibX^J $ tL^c^-fg-^OfS^K^tt^r^i^ 
L-C. 'fSMKri|#14«r^i-ffi# as^lK^&l*^) 4:^'fb^2 0 6 t^^IRFSIS2 1 0 tCffl 

1t#«r^'gRFSB2 1 OirtU:tl1-^o 
[0 0 3 4] 

mm2 0 6 {4, {5^K#M^«i5 2 0 5iti-hKt}^ixtzm^m!i^winmKm<^\f^r^ 

FFTia52 0 4T!)^hX:)3^flti^-^1,Z'^tfL^mm ' ^ffl<^t>-f*JS^4rttjELTSP 
S|5207-l~207-L iCtHtlf *o 
[0 0 3 5] 

207-l~207-L{4. 101-1~101-L KUBLtimMm 

mPt^<^7'-^=Sr»Jl:iP/S«|5 2 0 8 lCffi:tJ-t^o ^<^t^> m^«P2 0 7- 1- 
2 0 7-L{4, ^li:^^«l^1t^lC^o'V-X. a.— If l%T<^-<f:/^^';TO#-^*«#t 

miE# 2004-3078833 
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(0 0 3 6] 

P/Sffi2 0 8Ji. mWI»2 0 7 - 0 7 -Li!)^hXl3^*ltz^mr-i^i:W,nr 

10 0 3 7] 

mMmm^n t-cmpas 207-i~207-l 

[0 0 3 8] 

*fflT^f-:^2 0 if>^hmmmE^m.i 0 o^^^^si-^o 

10 0 3 9] 

i^CV»-Cs ±iafll^*^1-**S«l$<i0IK2 0 OrtOi£3i&l»«RFl4m56«52 0 5 tCOV>TK 
10 0 4 0] 

yny ^^}ftffi«B2 0 5 1 t±^ FFTSIi2 0 4 3&*e) Atl ^ U TOM"^ 

* 1 -Lorny ^'^IwJfittJU-C. ^"«-f n-7 h«Jffi«P2 0 5 2Cm:tJ-t4o 
[0 0 4 1] 

/NMn-y MftHllF|5 2 0 5 2 l±> 1 ~ L <7)#7*n ^J^^lC, ^-ij-y^ -V'-) T t"*] •) 

SNRii5fe«B2 0 5 3 l,zmt}'ri>o 
{0 0 4 2] 

SNR^iJ£«|52 0 5 3 1 ~ L 0#^n ^> ^45^1. n >y h SR^^'^r O S N R 
I^SNR) 4rii5EtT, S N R¥*^tHfS15 2 0 5 4 i: S N R^5't!ct^a^«IS 2 0 5 5 liiWl^Jl- 
Z>o SNR^i5^«|52 0 5 3 ti> iJlTOi d I- LTil^S N R ^ajfet-^o 
[0 0 4 3] 

t-r. ^ (1) tCtJ^oT-J^-V^^^Wfil^c^t : h«r**^o ^ (1) l^i3V>T> 
hi (s,i)ti> 1 #a(75yn ^'F'go s#B<^-9-:^^^ V TOIl#fatt±lwi3lt'5) i #B 
n y h«B^lw*«i-jS-r'&f'-v^wvm5S1t«r^L, yi (s.i) ^il/di (s,i) t± 

■to 

mi] 

M^jy^ ...(1) 

ff^Ls /=1,2,..^/S s*lA-.A 

[0 0 4 4] ^ ^ , ^ 

^v^T% ^ (2) ICtJ^o-C^I^SNR : g^^iC>'2>o ^ (2) tw:feV*T, gi (s. i) 

[^2] 

g.M-^h,{s,i) ... (2) 

[0 0 4 5] 

SNR¥±&H-#a52 0 5 4 {i^ 1 ~ L O^^n ^l^ic, ^ ( 3 ) l::tSfeo Tlg^OlSNF 
SNR*¥*^'ftl-"^^*^SNR (SNRmi) S NR^tHlia52 0 5 5'^ai:D 
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^-y : 6/ 



'ti>o tfz. SNR¥*SJW-It«li2 0 5 4Ji. ¥*SJSNR (SNRmO 4r^3SK#14if« 



SWRm,-~^^g,(*,0 - (3) 



[0 0 4 61 ^ 
SNR^t)tti-Jt«B2 0 5 5{is 1 -L^TJ^ya y ^IJtc, jS: (4) tctifeoT S N RO^ 

tic: SNR vi=sr**, ^jiRFai5 2 1 o^mm^'J^^mmtLxm:^'r^o ^fcis. sn 
m4} 



SNRv,^j^'^^ig,{s,i)-SmJ -(4) 



10 0 4 71 

vlCl-C. JilBiaS tlfltSiO'^--;^ a~c tCi3V>-C. ^ (4) lCiJ£o-CSNR^iJ[«:^ie) 
^tmsKTT^Irii^izii^ho m^ii. y-:^a(r>m^. S = 4 (1 y ^J'H'^ti^;S)•*^■ 
y^^•;T<?55l&) , 1 = 1 (#-9-y^-fr ';r^--^•^^'P^^loo>'•«^^y V'^^jk^v***]*) 

^■C<btLTV>;6fci-*) , g = 2, 3, 2. 3 (#^J-7'^^VT(^BJNfSNR) 
-e, SNRm (¥1^SNR) =2.5, SNRv (SNR:9-tfc) = 0 . 2 5 t^ffi $^^'^>o 
-ir-Xb^iU^'-^-^ cO^-^fi, SNRm (^pj^jSNR) =2.5, SNRv 
(SNR^tic) =1.2 5 tniHi^ti^o ^t^. SNRO^S!j**/J>$v>y-;^ a-etiS 
NR^ilt**/h§ it SNR<^IEttl**:^§v>'5r-;^b, c -^(4 S N R^tfc7&*:te^ 

R^tfcSrfflv^;2>c:i:l-<t -/n iJ'i*i<^{K3IIK#ii<^M*iEt < ^ c: h**^ 

;5>;6o i:o-c, Hftj^^M^S 1 0 0 "Cti, -^-/^^ V T<7)yn 5^ i^'fb*«fi^t>tL;S^i^tl, 

[0 0 4 81 

tcov^-crai-^o ^^Xii. 6 4 QAM, 16 QAM, QPSK, B P S K(^^5&>^ V> 
[0 0 4 91 

1 0 8 14, mmms^^m^u i o 7 $ ti/cfs^i^^iiit^, i-*^?-^ s 

NRm (¥:^SNR) i3J:l>*SNRv (SNR^tS:) H3fe-c?v^r, «:'^>fE^^^7&*J: 
i3:i?^4:S«^1-*o **m^<^PER (i?IIx.{fPER=l 0-0 ir*5lt^, SNRm (¥ 
*£lSNR) isilfSNRv (SNR^I^c) t^mio^t<DnBm^^m^ Kyj^to m AX 
a SNR^fcOjffiM^t^i^SNR tT?2>^:7GM^IH:F^*?-*5O(0||i^tc|E:^o-C* 

T, «IJfeL/>:^j^I^«l^te*^«S (SNRm, 1/SNRv) "CtpU, 
[0 0 5 01 

(1) SNRw 1 = SNRm- s q r t (SNRv) *w 

(2) SNRw2 = SNRm- s q r t (SNRv) 

* w ( 1 SNRmmax-SNRm I / I SNRmmax I ) 

(3) SNRw3 = SNRm- s q r t (SNRv) *w (fd/f dmax) 

(4) SNRw4 = SNRm- s q r t (SNRv) *w (s/s^ax) 
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^-v : 7/ 



10 0 5 1] 

9-^^I!t«C^ K*-?-tL-?'n^-to sqrt (SNRv) (4. SN 

R V O¥:^«l«r^1"o t/^Tx l:*#3&wt4s S N R w 1 "CtiJ^I^, S N R w 2 -ca^J^j S 
NR4-jE^'fl:t/^:i<^OM?&x S N R w 3 -^14 K 7 :r9-Ji«Sc3& f d tJE^-fkU/: i (7><^ 
M«!Cs SNRw4-Ct4il5i;^yWv Ks'S:iEm'fkU^<)OOMI&-C* •) , 'Wx.^X^ (5 

, ^ fx*, 0 5 X :S 1 / e N 

[1, X>1 

[0 0 5 2] 

-e-LT. PER-S-NRtOl^^tt (1215) J: 0 , ^99:^^ • t^^'fk^SriJJ.TO J: ^ U 
TS^I-'So ^-fx l2l5<0»#14Srfflv»-C. H^PER (El 5 •Ct4 1 O'M ICtttE-^^irt: 
#^BIS:'J^OL§v>'lil (T1~T4) *«^5fe$ix*o -etr, K -y -/^ f 

dtcWt-r SNRw3***«6^tL, SNRw3>=T4<^iir'^{46 4 QAM iW-^it^R 
= 1/2) > T3<=SNRw3<T4<7)^&'^t41 6QAM (R=l/'2) ^ T2<=S 
NRw3<T30*§'&t4QPSK (R=l/2) ^ T 1<= S N R w 3 <T 2 0^&'^J4B 
PSK (R=l/'2) **«*^$n^o 
[0 0 5 3] 

tfz. #5fe(03S]i;^yvy Ks^c^^L■CSNRw4 7i*^*f>^^^^ SNRw4> = T4<^ 
J©>&{46 4 QAM (R=l/2) . T 3 < = S N R w 4 < T 4 <0^&^t4 1 6 Q AM (R = 
1/2) , T 2< = SNRw4<T3(7)J®'^l4QP SK (R=l/2) , T1<=SNR 
w4<T2<0*&'&t4BPSK (R=l/'2) **SK§ix*o 'S::fe^ SNRwl. SNRw 
2lcov^"C*), SNRw3> SNRw4 i:rat»tcL-rB!5(^)PER-SNR#14J: «93eW 

10 0 5 4] 
[0 0 5 51 

^mm^^-fzi!)\ SNR^tic^^i-^ (4) 'SrW-t-^^tl^i:i)i^J.TO/^9^-^=S:# 
^ - ^J' L T S N R ^tfc t |WI:i* ffl ^ c: 1 7&«-e § o 
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^-V: 8/ 



v,'r^\8,(s.0'SNBm,\ 



• m S N R (DgiizmbAozim 



ULS*S 



IMS 



Ui&5 IMS 



10 0 5 61 

[0 0 5 71 _ ™ 

m 6 a, 3^|&egO|li&0?^Ji 2 K^^m^nn\SL^1^^ 2 0 5 <Z)«^t7Pi-rn 0 

& o 

[0 0 5 81 

f-^^;v^i5c'(ilth»SB2 0 5 6{4x ±^ (1) lwtJ£oTf-^^;vm^1it**«e>, ^'Y:^ 
;v^t5:ti-»«B 2 0 5 7 irtB:tii-Se 
[0 0 5 91 

f-Y^-JV'^tS:ti-#ia52 0 5 7 ^±^ 1 ~L<^#-7'n ^^ftir, ^ (6) Km.^ X ^ ^ ^ 

m^m<D^WL: Hvi^r**. ^MRF«52 1 0 -^mmm^\SLmmt Lx mtf-T ^ o tt:^ 

1^71 



[0 0 6 01 

;z<DXd *^Y^;vm^iS<^^t^*^° y ^^*)<0^5Mli&#t^<^^»I^r^i^1■'5>^^":7^- 
ffiiE#2 004-3078833 



003-284509 



^-i^: 9/ 



(1) SNRw 1 = SNRm-H V *w 

(2) SNRw2 = SNRm-H V 

*W ( I Hv.ax-Hv I /I H V..X I ) 

(3) SNRw3 = SNRm-H V *w (f d/f d.ax) 

(4) SNRw 4 = SNRm-H V * w (s/Smax) 
10 0 6 21 

)m^m<o^nim^^fzi)^. ^^^^)mi^m(r>^ni^ir^ (6) i:^^-ti^tKxy) 



UmS 



late/ < 
Mas 



1 



inaxA,(5,i)-mnA,(5,0 



[0 0 6 3] 

(*M<7)M3) 

[0 0 6 4] 
[0 0 6 5] 

z^^ny h^t{:ft#f|52 0 5 8t4, 1 ~L<0^-:;^n ^ (7) tCtJ^oT/-?^ n 

•y b^tfc: Y vi=Sr*«6. ^MR F$I5 2 1 0 --<S9t£&«^'l4it^i: LTffi:^Jl-^o ^is. Y 
viti, 1 ^gO-i/n y :^co>'^"'f n h^tfc4r^i"o 5^ (7) ti> ±3*: (1) l-^ 



[0 0 6 6] 
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y : 10/ 



10 0 6 7] 
[0 0 6 8] 
0] 

v,-max|>',(*,0-K"/l 



IMS 



1 

' 2 



[0 0 6 9] 
10 0 7 0] 

^-ftiKllifi. ±ia^ife©?^]^l l::i3v^-C±^ (4) t'tifeoT S 1 1i©ffil^S I R^J-ib S 
NR^ftS:*Je>TV^/c>ftt>>)tr, ^ (8) tC=e&oT. S N Rl^XT© Gs1@<^lSB#S N 
R/iltJi^ibSNR^fic: SNRvr *^i6^o Gs^i^ S 1 1@©«S N RO^f "C 

^i6»Ji)LT t ^: -2) iSBt S N R (D^^^-^o 
1 1] 



Si\a?v;-^;|g U.M-SNRm,)^ -(8) 



[0 0 7 1 1 

a^lio^^-fc: Hvi' =Sr*ie);&o GHf±. s I1®©^^^^vm^«l<^*-c^¥*lJ^^ 
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11/ 



121 



10 0 7 2 J 

v^^-f^*)*) iC, ^(10) tCt^o-C^ YmiJi)lTO«i|'iOGy1ffl<7>/-?'f o y Mffi^<OS<Sfll 
■f-/itt*^e>^'f'f b^ftJc : Y vi' «r*«;>;5)o **5n GYYti^ S 1 1ffl<7V'<'f n y bfiB^g- 

[1^1 3] 



[0 0 7 31 _ 
[0 0 7 41 
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